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0 Liquid crystal apparatus. 

© A liquid crystal apparatus includes a Bquid crystal cell comprising a pair of substrates each having thereon a 
transparent electrode with a thickness of 840 A or less. 1320 - 1680 A, 1960 - 2470 A or 3180 - 3850 A. and a 
liquid crystal layer disposed between the pair of substrates in a thickness of 10 microns or less; and a 
fluorescent light source comprising at least two types of fluophors having different emission peak wavelengths. 
The flqufd crystal may preferably be a ferroelectric liquid crystal having a thickness of 5 microns or teas. A 
dielectric Him of, e.g„ Ta*Os or TiO* having a larger refractive index than the transparent electrode may be 
disposed. 
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LIQUID CRYSTAL APPARATUS 

FIELD OF THE INVENTION AND RELATED ART 

Tha present Invention relate* to a liquid crystal apparatus using a liquid crystal, particularly a 

SIL^Toair of ^SSes Sch « set to provide a spacing amalJ enough to stress the 

%£^J&J!£SZ liquid crystal ^^^Jf^TZS c£t2 
SettqSd crystal and aligning vertical molecular layers each composed of a pluralty of liquid crystal 

n ^l!ZS^S^ an actual ferroelectric crystal cel. ... however, not sufficiently large, so 

2SS a baSSgW foTallelectric liquid crystal pane, as c^bed *ove. 

Stems, such as occurrence of cotor Irregularity due to an uneven trdckness of a a ^ ay^^™d 

SSSeTchanflee in hue over the entire panel face corresponding to changes In viewmg directions. 



SUMMARY OF THE INVENTION 

An oWect of the present Invention fe. In view of the above problems, to provide a fe™electri c liquid 
crysS! 2Su» TSZ^e occurrence of cotor irregularity or change in hue while maintaining e bnght 

d,8P ScSg to an aspect of the present Invention, there is provided a liquid ^JJ^TTa 

^cSg to a second aspect of the present invention, there is provided a liquid crystal IfffM 
comSn^ c^ceSprWng a pair of substrates each ^J^ n » ^^^C 
SdTZedriTfilm having a larger refractive Index than the transparent electrode, anda ^crystal layer 
^Ladbehmen the oak of substrates in a thickness of 10 microns or toss, particularly 5 microns or less. 
TXSZ ^compnsing at toast two type, of ffuophor. having different emission peak 

^"tSraL to a third aspect of the present Invention, there Is provided a liquid crystal waratus. 
comS a t^5J*£« comp^ng a pair of scales ee* havjg J-^— J* 
elecSode and a liquid crystal layer disposed between the pair of substrates, and a Ugrrt ^^^T" 0 . 
^yeTLTa i thickness Dmaxand a ^^T7^r^T^ SetSl 
panel In combination with the Bght source provides an angle 1^4* « <* ^^Sna t 

„ ua- where i n the angle lAflJ Is defined as an angle formed between a line connecting a 
ZEZi roSri *M defined by coordinate, u" and Vat the points the mrtwm 
M?Sst?toyer thickness and a line connecting the ^"^^X^^e^n^ 
by ^riLs u* and V at the point of the minimum liquid crystal layer thickness, respectively, on a u*-V 

coord'mate system according to the CXE 1876 (LVY) Space. .„ . IT ^ ra nnrwflnt 

These and other objects, features and advantages of the present inventon will become more apP^ 
upoJ^n^i oSfoilowing description of the preferred embodiments of the present Invention 
taken m conjunction with the accompanying drawings. 
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Bgure i fc a schematic sectional view of en apparatus according to the present Invention. 

Figures 2 to 7 show changes In transmittances of a prior art cell due to changes In a direction of 

observation. . 
Figure 8A (s a schematic plan view of a liquid crystal cell tor explanation of an angle o w and 
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s Rgure 88 Is a corresponding side view for explanation of an angle 

Figures 10 and 11 show spectral transmission characteristic curves for an apparatus of the present 
Invention and a comparative example apparatus, respectively. ' 

Figure 12 Is a chromaficfty diagram on a u*V coordinate system showing a locus of chromafldty 
points varying depending on changes In thickness of the liquid crystal layer of an apparatus of the present 
to Invention. Fgure 13 Is a corresponding chromatidty diagram for a comparative apparatus. 

Figure 14 Is a chromatidty diagram onaiTV coordinate system showing a locus of chfometwty 
points varying depending on changes In angle a* for an apparatus of the present invention. Figure 16 Is a 
corresponding chrcmatfctty diagram for a comparative apparatus. 

Figure 18 is a chromaticity diagram on a u'-V coordinate system showing chromatidty points tor an 
T5 apparatus of the present invention and a comparative apparatus. 

Figure 1 7 Is a schematic sectional view of another apparatus according to the Invention. 

Figure 18 is a diagram showing a relationship between angle |A*«| (deg.) and FTO fflm thickness. 

Figures 10 and 20 am schematic perspective views for illustrating ferroelectric liquid crystal cell used 
in the present Invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 Is a schematic sectional view of an apparatus accowflng to the present Invention Inducfing a 
ferroelectric liquid crystal cell 10. The cell 10 comprises two glass substrates 12a and 12b having thereon 
transparent electrodes 13a and 13b. cSelectrlc films 14a and 14b. and alignment films 15a and 16b. 
respectively, and a ferroelectric liquid crystal 16 disposed between the two substrates 12a and 12b, On 
both sides of the ferroelectric Squid crystal cell 10. polarizers 11a and 11b are disposed in a cross nicol 
relationship. Behind the polarizers are disposed a backlight 17 and a reflection plate 18 so as to provide 
transmitted fight 19 through the cell 10. 

Figures 2 through 7 Illustrate the changes In transmlttance through a cell A having such a cell structure 
as shown In Figure 1 and having the following dimensions corresponding to the changes In direction of 
observation. 



35 Cell A 

Substrates 12a, 12b: 
40 1.1 mm-thick glass plates 

Transparent electrodes 13a. 13b: 
46 1150 A-thk* film of ITO (refractive Index * 1.92) 

Dielectric Alms ,14a, 14b: 
so 450 A-thick film of SIO2 {refractive index - 1.47) 

Alignment films 15a. 15b: 
55 600 A-thfck film of pdyfmlde (refractive Index - 137) 



Ferroelectric liquid crystal 16; 
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averagely 1.5 mfcron-tWdc layer of CS-1014 (available from Chlsso K.K. nL * 165, rv = 1.70; maximum 
tilt angle - 20 degree*, tilt angle In the cell under no electric field * 8 degrees, pre-tllt angle in SmA 
phase ^ 0 degree. 

5 Polarizers 11a, 11b: 

disposed in right angle cross nJcole so as to provide the darkest state under no electric field. 

The changes In observation (fraction are summarized in the following Table 1 along with identification 
of curves hi Figure 7 with reference to Figures 8A and 8B. 

10 

Table 1 
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Dark state 
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(blue) 
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2 


0* 


curve 21 


curve 22 


Curve 23 


curve 24 


3 


30' 


•31 


•32 


•33 


"34 


4 


80' 


"41 


" 42 


•43 


"44 


5 


90' 


-51 


"52 


"S3 


"54 


8 


120' 


•81 


"82 


"83 


"64 


7 


150* 


"71 


"72 


-73 


"74 



29 

More specifically, Figure 8A Is a plan view illustrating a ferroelectric liquid crystal panel 81 placed 
horizontally and observed from an observation eye 82. On the panel 81, noted picture regions A - F are 
shown. A direction 83 is defined as the horizontal component of an observation direction passing along the 
center of the picture from the observation eye 82 placed at an ordinary observing position. Angles 0^ (A) 

so - (F) are defined as angles of the horizontal directions from the observation eye to the noted regions A - F, 
respectively, with respect to the horizontal direction 83. Figure 8B Is a side view corresponding to Figure 8A 
and shows an angle defined as an angle of the vertical component of an observation direction from the 
observation eye 82 to a noted region with respect to a normal to the ferroelectric Bquld crystal panel 81. 
Figures 2 to 7 show that such a ferroelectric liquid crystal panel havfng 1150 A-thlck ITO transparent 

as electrodes 13a and 13b causes color irregularity due to changes in angles Sum? and 6k, because It provides 
different transmfttances for blue light (450 nm) and red light (832 nm). 

According to the present invention, however, it has become possible to suppress the occurrence of 
such color irregularity attributable to multiple Interference under irradiation from a thiwwavelength light 
source having a spectral emission characteristic as shown In Figure 8 by using a transparent electrode of 

40 preferably ITO (indium-tin-oxide) having a thickness of 840 A or leas (particularly 720 A or less but 
practically 50 A or more), 1320 - 1680 A, 1080 -2470 A or 3180 - 3850 A tor a transparent electrode 13a 
and/or a transparent electrode 13b. 

In a preferred embodiment of the present Invention, the glass substrates 12a and 12b are caused to 
have a refractive index n satisfying a relationship of: 

45 n_L - 0.1 & n S n* + 0.lT 

wherein nj_and denote the refractive Indices along the shorter (minor) molecular axis and longer (mayor) 
molecular axis, respectively, of a liquid crystal used as measured by the optical Interference method. In this 
Instance, it Is further preferred that the dielectric films 14a and 14b and the alignment films 15a and 15b 
also have a similar refractive Index, i.e., a value n satisfying the above relationship. 

oo Rgure 10 is a graph showing spectral transmittances In bright and dark stales under the condition of 
* 0 degree through a ferroelectric liquid crystal cell B having a cell structure as shown in Figure 1 and the 
sane dimensions as the above-mentioned cell A except for the thickness of the ITO electrodes 13a and 
13b was changed to 100 A. The transmfttance curve 101 represents one in the bright state and the curve 
102 represents one In the dark state. 

56 Fig iB*e 11 shows the corresponding spectral transmittance In bright and dark states of the comparative 
ferroelectric liquid crystal cell A described above. The curve 111 represents the transmittance in the bright 
state and the curve 112 illustrates one in the dark stats. 

In view of Figures 10 and 11 In comparison, the transmittance curve 111 of Cell A in Figure 11 provides 
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a remarkable peaks Pi, P 2f P 3l ... at Intervals of 20 - 50 nm showing a fluctuation In transmittance 

compared with the curve 101 of Cell 8 En Figure 10. 

The above-mentioned Cells A and B were respectively provided with a backlight (FL40 8S-EX 37-S) 

having a spectral emission characteristic as shown En Figure 9 and subjected a panel test wherein the 
s occurrence of color Irregularity under Illumination from the backlights was evaluated by arbitrarily selected 

20 panelists while variously changing the values of ^ and Q mtnp . As a result the Cell A was Judged to 

cause a color Irregularity by 18 of the 20 panelists, whereas the Cell B was judges to be free from color 

irregularity by 19 of the 20 panelists. 

Figure 12 Is a chromatidty diagram on the ir-V coordinate system according to the CIE 1076 (lArV) 
70 Space (JIS 28729*1980) showing the changes of chromaticrty points corresponding to changes In Hquld 

crystal layer thickness for a type of Cell 8. More specifically, a cell having a structure basically the same as 
4 the above-mentioned Cell B but having a relatively large fluctuation in Hquld crystal layer thickness was 

provided Points having liquid crystal layer thicknesses of 1.3 micron, 1.4 micron. 1.5 micron, 1.6 micron 

and 1.7 micron were Identified by using a Berek compensator, and the u m and v* coordinates at respective 
15 thickness portions were measured under the condition of 0m a 0 by means of a luminance meter (e.g., 

"BM-7" available from Tokyo Kdgaku Wkai K.K.) according to the CIE 1976 (LW) Space while "white" of 

the standard fight C (JIS Z8720) was taken at the coordinate original. Figure 13 is a simitar chromaticrty 

diagram obtained with respect to a type of CeB A. 

Figure 14 shows the locus of the chromaticrty point on the u*V coordinate system of Cell B obtained 
20 by changing d ta (Figure 8B) under the condition of 0«np (Figure 8A) * 0. Figure 15 shows the locus of the 

chromatictty point on the u*-V coordinate system of Cell A obtained by changing the 0* under 0 W « 0. 

the numbers (degrees) shown along the lod on Figures 14 and 15 denote the numbers In degree of dm* 
Figures 12 - 15 show that the type of Cefl B of the present Invention does not cause sensitive color 

change corresponding to changes in ceil thickness and viewing angle (incident angle), while the cell of the 
as type of Cefl A (comparative) causes a sensitive color change in response to changes In cell thickness and 

viewing angle. 

In other words, it is understood that the cell of the type of Cell A (comparative example) causes a 
remarkable change in color Irregularity or change in hue due to a fluctuation in thickness of ±0.1 micron or 
loss (e^j^ t 100 A) or a change in viewing angle a* on the order of ±2J& degrees, whereas the cell of the 
ao present invention does not cause noticeable color irregularity in response to a fluctuation In thickness 0 ± 
0.1 micron or less or a change In viewing angle on the order of ±2.5 degrees, thus being a cell not Gable to 
cause color Irregularity because an ordinary man has a recognizable pupil parailatic angle of about 2J5 
degrees. 

In another preferred embodiment of the present invention, the dielectric films 14a and 14b in the 
as ferroelectric liquid crystal cell 10 shown in Figure 1 may be composed of TaaOs or HO2 to accomplish the 
above-mentioned objects. 

Figure 16 shows a chromaticrty point 171 given by such a cell 10 having 030 A-thick dielectric films 
14a and 14b of TasOs having a refractive index of 2.1 in combination with 670 A-thick transparent 
electrodes 13a and 13b of ITO having a refractive Index of 1.92, 

40 In still another preferred embodiment of the present invention, the refractive index of at least a part of 
the glass substrate, the transparent electrode film and the dielectric film may be changed stepwise or 
continuously so as to minimize a refractive Index difference at a boundary between the layers. Figure 17 
schematically Illustrates such an embodiment with fta sectional view on the left side and an accompanying 
refractive index distribution on the right side. Such stepwise on continuous change in refractive Index may 

45 for example be accomplished by the external diffusion method or the metal diffusion method (see, e.g., 
"Kohha DensN Kagaku (Light Wave Bectronic Optics)* published from Corona Sha K.JC p.p. 298 - 299). 
Specifically, In the embodiment shown in Figure 7, Tkflffused glass layers 181a and 161b having a 
refractive Index distribution gradually changing in the direction of thickness were prepared by thermal 
diffusion of 77 from the surfaces of the glass substrates 12a and 12b. Because of the layers 181a and 181b 

so having gradually changing refractive Indices, a particularly problematic boundary reflection at the boundary 
between the TO and glass In a comparative cell (Cell A) was minimized to suppress the occurrence of 
interference peaks attributable to boundary reflection through an entire cell, whereby color irregularity was 
obviated. 

Figure 18 shows changes in [Ad^ (degj corresponcBng to changes in thickness of the transparent 
ss electrodes 13a and 13b of ITO in various ferroelectric Hquld crystal cells 10 (type of Cell B) each having a 
efferent electrode thickness. Herein, [6$^ denotes an angle lB WJt mK'0*$ WJnklt wherein * WJTWX denotes a 
chromatictty point given by a part of a maximum liquid crystal layer thickness in a ceil, B WJI ^ denotes a 
chromatictty point given by a part of a minimum Gquld crystal layer thickness in the cell, and 0 denotes the 
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original (taken as "white" of the standard fight C), respectively, on a u*V coordinate system according to 
the CIE 1076 (LW) Space* Thus, |A0ovj means an angle between a line 0-tf W jn« and a fine O^uium* 

According to our experiments, the occurrence of color Irregularity was effectively suppressed whore 
|A0 was 9 degrees or less, preferably 3 degrees or lees. For this purpose, the thickness of transparent 
6 electrode (FTO) was set to 840 A or less, 1320 - 1680 A, 1080 - 2470 A, or 3180 - 3850 A. As shown in 
Rgure 1ft the ITO film thickness was particularly preferably in the range of 720 A or less {but practically 50 
A or more). 1550 - 1880 A or 1960 - 2250 A. Particularly, cells similar to Cell 8 but having 1800 A-thlck ITO 
films and 2000 A-thfck films Instead of 100 Mhlck ITO films showed slmilarty good results as the above- 
mentioned Ceil 8. 

to Referring to Figure 19, there Is schematically shown an example of a ferroelectric liquid crystal cell. 
Reference numerals 201a and 201b denote substrates (glass plates) on which a transparent electrode of, 
e^„ InaOs. SnO*, ITO (indium-tin-oxWe). etc., Is disposed, respectively. A liquid crystal of an SmC-phaee 
in which flquid crystal molecular layers 202 are oriented perpendicular to surfaces of the glass plates is 
hermetically disposed therebetween. A full One 203 shows Iquld crystal molecules. Each Bquld crystal 

is molecule 203 has a dlpole moment (pjj 204 In a direction perpendicular to the axis thereof* When a 
voltage higher than a certain threshold level is applied between electrodes formed on the base plates 201a 
and 201 b, a helical or spiral structure of the liquid crystal molecule 203 Is unwound or released to change 
the alignment direction of respective liquid crystal molecules 203 so that the dlpole moment (Pjj 204 are 
all directed En the direction of the electric field. The liquid crystal molecules 203 have an elongated shape 

20 and show refractive anlsotiopy between the long axis and me short axis thereof. Accordingly, it Is easily 
understood that when, for Instance, polarizers arranged In a cross nicol relationship, l.e., with their polarcing 
directions crossing each other, are disposed on the upper and the lower surfaces of the glass plates, the 
Iquld crystal cell thus arranged functions as a liquid crystal optical modulation device of which optica) 
characteristics vary depending upon the polarity of an applied voltage. Further, when the thickness of the 

20 fiquid crystal cefl Is sufficiently thin (e.g., 1 micron), the helical structure of the Iquld crystal molecules Is 
released without application of an electric field whereby the dlpole moment assumes either of the two 
states, La., Pa in an upper direction 214a or Pb in a lower direction 214b thus providing a bistability 
condition, as shown In Rgure 20. When an electric field Ea or Eb higher than a certain threshold level and 
different from each other In polarity as shown tn Figure 20 is applied to a cell having the above-mentioned 

M characteristics, the dlpole moment Is directed either In the upper direction 214a or in the lower direction 
214b depending on the vector of the electric field Ea or Eb. In correspondence with this, the liquid crystal 
molecules are oriented to either a first orientation stale 213a or a second orientation state 213b. 

When the above-mentioned ferroelectric liquid crystal Is used as an optical modulation element, ft is 
possible to obtain two advantages. First is that the response speed is quite fast Second is that the 

39 orientation of the liquid crystal shows bistabiPty. The second advantage will be further explained, e-g., with 
reference to Figure 20. When the electric field Ea is applied to the liquid crystal molecules, they are 
oriented in the first stable state 213a This stale Is stably retained even if the electric field Is removed. On 
the other hand, when the electric field Eb of which direction Is opposite to that of the electric field Ea is 
applied thereto, the liquid crystal molecules are oriented to the second orientation state 213b whereby the 

40 directions of molecules are changed. Likewise, the tetter state is stably retained even If the electric field is 
removed. Further, as long as the magnitude of the electric field Ea or Eb being applied is not above a 
certain threshold value, the Squid crystal molecules are placed In the respective orientation states. En order 
to effectively realize high response speed and testability, It is preferable that the thickness of the cell Is as 
thin as possible and generally 0.5 to 20 microns, further preferably 1 to 5 microns. 

46 In the present Invention, it is particularly preferred that the liquid crystal layer thickness Is SO (* +X2) or 
less, more preferably 30 (xi +X2) or less, further preferably 20 (Xi +*z) wherein xi and X2 denote the 
thickness of transparent electrodes on one and the other substrates respectively. 

As the bistable liquid crystal used In the Squid crystal apparatus of the present invention, ferroelectric 
chiral emecttc liquid crystals may be most suitably used, of which liquid crystals in chiral smectlc C phase 
so (SrnC) or H phase (SmhP) are particularly suited. These ferroelectric liquid crystals may be those described 
in, e.g. f US, Patents Nos. 4613209, 4614609. 4622165, etc* 

Further, In the present Invention, driving methods as disclosed In, e.g., U.S. Patents Nos. 4705345, 
4707078, etc may be used In addition to those described above. 

Hereinabove, the present Invention has been explained with reference to an embodiment of a 
SB ferroelectric (iquld crystaL It is however possible to apply the present invention also to a TNWiqutd crystal or 
a super-twist nematic fiquid crystal (wherein nemattc Bquld crystal molecules are aligned with a twist angle 
of about 270 degrees). 

As described above, according to the present invention, it has become possible to suppress the 



6 



r 

EP0349006A2 



occurrence of color irregularity or change In hue even if a high-luminance three-wavelength light source is 
used as a backlight 

A liquid crystal apparatus Includes a liquid crystal cell comprising a pair of substrates each having 
thereon a transparent electrode with a thickness of 840 A or less, 1320-1680 A. 1960 - 2470 A or 3180 - 
3850 A, and a liquid crystal layer deposed between the pair of substrates in a thickness of 10 microns or 
less; and a fluorescent tight source comprising at least two types of fluophors having different emission 
peak wavelengths. 7He RquW crystal may preferably be a ferroelectric liquid crystal having a thickness of 5 
microns or less. A dielectric film of, e.g., TszOs or TiO* having a larger refractive index than the transparent 
electrode may be disposed. 
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Claims 



1. A Sqirid crystal apparatus, comprising: a liquid crystal ceil comprising a pair of substrates each 
having thereon a transparent electrode with a thickness of 840 A or less, 1320 - 1680 A, 1960 • 2470 A or 
3180 - 3850 A, and a liquid crystal layer cBsposed between the pair of substrates fn a thickness of 10 
microns or less; and a fluorescent light source comprising at least two types of fluophors having different 
emission peak wavelengths, 

2. An apparatus according to Claim 1, wherein said pair of substrates have a refractive index n 
satisfying the relationship of nj_ • 0/1 * n S n* + 0.1. wherein nl denotes the refractive index along the 
shorter molecular axis and n* denotes the refractive Index along the longer molecular axis, respectively, of 

the flquld crystal, ^ i ^ „ Atx % 

3. An apparatus according to Claim 1 ( wherein the transparent electrode has a thickness of 840 A or 

less. 

4. An apparatus according to Claim 1 , wherein the transparent electrode has a thickness of 1320-1680 

A. 

5. A liquid crystal apparatus, comprising: a liquid crystal cell comprising a pair of substrates each 
having thereon a transparent electrode and a dielectric film having a larger refractive Index than the 
transparent electrode, and a liquid crystal layer disposed between the pair of substrates In a thickness of 10 

so microns or less; and a fluorescent light source comprising at least two, types of fluophors having different 
emission peak wavelengths. ^ _ „ 

6. An apparatus according to Claim 5, wherein said dielectric film comprises TaaOs or TiOa. 

• 7 A liquid crystal apparatus, comprising: a liquid crystal panel comprising a pair of substra tes each 
having thereon a transparent electrode and a liquid crystal layer disposed between the pair of substrates, 

as and a tight source, the liquid crystal layer having a maximum thickness Omax and a minimum thickness 
Dmin; wherein the liquid crystal panel In combination with the Bght source provides an angle |Ae«j of 9 
degrees or less wherein the angle |AS„| is defined as art angle formed between a line connecting a 
coordinate original and a chromaticity point defined by coordinates u* and V at the point of the maximum 
liquid crystal layer thickness and a Hne connecting the coorcfinate original and a chromaticity point defined 

40 by coordinates if and V at the point of the minimum liquid crystal layer thickness, respectively, on a if-V 
coorttnate system according to the CIE 1978 {LW) Space. 

a An apparatus according to Claim 7. wherein the angle [A0„v| le 3 degrees or less. 

9. A liquid crystal apparatus, comprising: a liquid crystal cell comprising a pair of substrates each 
having thereon a transparent electrode with a thickness of 840 A or less, 1320 - 1680 A. 1960 - 2470 A or 

45 3180 • 3850 A. and a ferroelectric liquid crystal layer disposed between the pair of substrates in a thickness 
of 5 microns or less; and a fluorescent tight source comprising at least two types of fluophors having 
different emission peak wavelengths. 

10. An apparatus according to Claim 9. wherein said pair of substrates have a refractive index n 
satisfying the relationship of nl- 0.1 £ n S rw + 0.1. wherein nl denotes the refractive Index along the 

so shorter molecular axis and n, denotes the refractive Index along the longer molecular axis, respectively, of 
the liquid crystal. , _ ^ „ 

11. An apparatus according to Claim 9, wherein said ferroelectric Bquid crystal Is a chirai smectic liquid 

crystal. 

12. An apparatus according to CWm 11, wherein said chirai smectic liquid crystal assumes a non- 
55 helical molecular alignment structure. ^ M . _ ♦ 

13. An apparatus according to Claim 9, wherein the transparent electrode has a thickness of 840 A or 

less. 

14. An apparatus according to Claim 9, wherein the transparent electrode has a thickness of 1320 - 
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according to Claim 21, whan.ln said chiral amectic fiquid crytfai assume a non- 

^ T^^a^T^npH^ a liquid crystal CI which <^«™^»"£ 
therSn a M ^3S^Sde with a thlckneaa of X„ a second autofrat. a ^ 

T"~_L «, !^XL. nf 56, and a BauW crystal layer having a thickness of 50 (Xi +X2) or below 



* 1T« «mM .ccortlng to Cttta 83. rtMta 5* IIQ* CWW ky Im. . «**«« of 20 (X, 

or below. 
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